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RESEARCH MEMORANDUM

A TRANSONIC INVESTIGATION OF THE MASS-FLOW AND PRESSURE
RECOVERY CHARACTERISTICS OF SEVERAL
TYPES OF AUXTLTARY AIR INLETS

By John S. Demnard
SUMMARY

Several basic inlet shapes have been tested through a Mach number
range from 0.55 to 1.3 to determine their mass-flow and pressure recov-
ery characteristics when operated as suxiliary inlets. Results indicate
that, for flush inlets, the inclination of the inlet axis 1s the major
geometric parameter influencing recovery and the smaller angles with
respect to the surface offer decidedly superior performance. For simple
flush openings, a circular or low width-depth ratio rectangular opening
offers slight advantages over & higher width-depth ratlo rectangular
opening. Boundary-layer fences for low width-depth ratio inlets are
advantageous in increasing the maximum mass-flow rate and pressure recove
ery at high mass-flow rates. For low mass-flow rates, the NACA submerged
inlet with diverging wall ramp offers lmproved pressure recoveries. A
circular scoop inlet with its inner wall tangent to the surface surpassed
2ll flush inlets tested in regard to both totel-pressure recovery and
mexinmim mass-flow ratio. The performance of the scoop inlet and all
flush inlets with inclined axlis deterilorated as the axls was yawed with
respect to the stream direction.

INTRODUCTION

The growing complexity of modern aircraft with much electronic
equipment which requires air for cooling, increased requirements for
cebin or cockpit ventilation, problems of matching engine and inlet air-
flow rates, and the increased use of suction slots for boundary-layer
control systems has created a demand for information on the flow charac-
teristics of suxiliary inlets in the transonic speed range. Numerous
large-scale inlet investigations have been conducted in this speed range,
but except at low subsonic speeds there is little experimental material
avalleble whereby the designer may obtain the necessary mass-flow and
pressure recovery characteristics of inlets which must induct large
amounts of alr from within the boundary layer.
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The inlet models of the present investigation ranged from flush
thin plate inlets to a scoop. Flush circuler inlets followed by straight
ducts the length-diasmeter ratios of which varied from O to 10 wére
inclined to the surface at angles from 15° to 90°; the yaw angle for
several of the inlets was varied from 0° to 60°. Rectanguler inlets
with various inclination angles, width-depth ratios, and ramp approaches
were also tested. The Mach number range was from 0.55 to 1.5 and mass-
flow rates were varied from O to choke. Inlet mass-flow ratios are pre-
sented as e function of the required pressure drop and of the total-
pressure recovery.

SYMBOLS
a velocity of sound, ft/sec
D hydraulic dlameter of inlet, In.
H totel pressure, 1lb/sq £t _ —
L length of inlet duct (constent area), in.
Ei ratio of mass flow through inlet to mass flow in free-sgtream
o tube of area equivalent to cross-sectlonal area of inlet
M Mach number, U/a
n boundary-layer profile exponent, % = (%)%
P static pressure, 1b/sq ft
Op static pressure differential, p_, - P4
Q dynamlc pressure, %pUz, 1b/sq £t
u local velocity in boundary layer, ft/sec
U free-stream velocity, ft/sec
X distance measured downstream from inlet 1lip, in.
¥y distance measured from surface to poilnt of local veloclty u

in boundary layer, in.
(o] boundsry-layer thickness measured to point where u/U = 1.0, in.
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8 inclination angle of inlet axis, deg

¥ yaw angle of inlet axis, deg

? ramp sngle, deg

Subscripts:

i inlet conditions measured at downstream end of constant-area
throat

© free-stream conditions measured outslde of boundary layer

APPARATUS AND METHODS

Apparatus

The general arrangement of the test setup is shown in the line
drewing of figure 1. Air is supplied through the entrance bell at the
left at a maximum pressure of 2 abtmospheres absolute from a centrifugal
blower without benefit of aftercooling or drying. Air from the entrance
bell flows through the slotted test section which consists of parallel

walls 17 inches long and h% inches high by 6% inches wide and exhausts

through a 1.7:1 area ratio diffuser to the atmosphere. The lower wall
of the test section was slotted so that one-fifth of the wall area was
open. This slotted wall opened into a plenum from which air could be
withdrawn by an auxiliary vacuum pump; & valve in the auxiliary pump
line determines the rate at which air is removed and thus controls the
speed for M, > 1. The Mach number distributions for this test section
are discussed in reference 1. The inlet models were mounted on the
solid tunnel wall opposite the slotted wall and centered in one face of

8 cylindrical settling chember which has a diameter of 5% inches, and a

length of 9— inches and is located 6 inches downstream of the beginning

of the slots. A screen spanned this chamber at a station 3 inches above
the inlet. Downstream of the screen, the air flowed through a calibrated
venturi. A valve in the exhaust line controlled the mass flow withdrawn
from the inlet and the system was aspirated by an auxiliary vacuum pump.

The free-stream totel pressure and temperature were messured in the
upstream duct and the static pressure was measured in the settling cham-
ber. Other test-section pressure instrumentation included static-pressure
orifices in the venburi and a calibrated static-pressure orifice in the

plenum,
NIRRT D
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A sketch showlng typlcal examples of the models tested and the range
of variables Iinvestigated i1s shown as flgure 2. The inlets tested had
clrcular and rectanguler shapes. The cilrcular inlets included inlets
wilth ducts of varying length-diameter ratio (L/D), thin-plate inlets,
circular flush inclined inlets, and & scoop lnlet. The rectangular inlets
were flush and hed varying inclination angles and width-depth ratios
(where depth 1s meassured from the inlet 1ip perpendicular to the duct
axis).

Four of the rectanguler inlets were instrumented with statlc-pressure
tubes along the center line of the ramp and through the length of the
inlet duct. Figure 3 is a photograph showlng several of the inclined
rectangular inlets, some with modifications to the ramp, and the circu~
laxr scoop. B

The pressure at the downstream end of the inlet constant-area duct
wes assumed to be equal to the settling-chamber static pressure., This
agssumption, which has long been recognized as valid for subsonic flows
and which 1s the basis for most nozzle flow and orifice flow measure-
ments, was verified during the test program by a comparison between the
downstream throat statlc pressure (where avallable) and the settling
chamber stetlic pressure for unchoked inlet operation. This pressure
would correspond to the static pressure at the entrance to a diffuser if
such were used. The total pressure Hj is calculated from the measured

mass-flow rete and the static pressure with the assumption of uniform
velocity distribution at the exit of the constant-ares duet. The test-
section Mach number is determined by means of the calibrated plenum
static-pressure orifice and the upstream totel pressure.

Pressures were read to a reading accuracy of +1 millimeter of mercury
and this accuracy gives errors in the computed data as follows:

Quantity Meximum Errox
EP“T L] L] L] . L] . . L . L) - - L L] . L] L] L] - L] L] - . L] . . . L L] L] - OI002
M - L] - L] L] - . . L] L] . L] a L] . L ] -« L] L] L] L] . - L . L ] L] L ] - 0'002
%% L[] L ] L] - L] L] . L2 . L) * * L] - * L] L) L L] . L] . . . L . L] L] L OIOO6

L] ¢ e - ® e & & ¢ ¥ * o o & e & & o -. - . - . . . . . e o s o 0-008

s e ¢ o e . ¢« s o o o - . . L] . . e e . . . e e . . * o . 0'009
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Tests and Methods

When the tests were conducted, the inlet air flow was varied from
zero to its maximum value for each of several coanstant vaelues of Mach
number ranging from 0.55 to 1.3. The settling~chamber static pressure,
free-stream total pressure and total temperature, plenum-chamber static
pressure, and mass-flow data were recorded simultaneously. Ramp static
pressures were measured on models where pressure-orifice instrumentation
was available.

The Reynolds number of these data range from 3.45 X 106 per foot
at 8 Mach number of 0.55 to T.0 X lO6 per foot at a Mach number of 1.3.

RESULTS AND DISCUSSION

Auxiliary Inlets are usually required to operate in a surface on
which the boundaery-layer thickness 1s comparsble to the dimensions of
the inlet. TFor these tests the boundary-leyer veloclity profile and
thickness varied with Mach number as shown in figure 4. The profiles
indicate a turbulent boundery layer et all Mach numbers. The exponent n
often used to describe the shape of the boundary-layer increases from 5.5
to 8 as the Mach number varies from 0.55 to 1.3. The boundary-layer
thickness, defined as the point where u/U = 1.0, varies from 0.15 inch
to 0.115 inch; this variation is linear from M = 0.7 to M = 1.3.

Iniet Performance

The inlet performence data in this paper are presented in three
forms: +the inlet pressure differential H, - p;, the inlet static-

pressure differential p_ - Py, end the inlet total-pressure retio
Hi/Hm. Since these inlets may be located on the eirframe in regions

where local velocitles and pressures are different from those in the
free stream, the values of M, presented herein should be regerded as

local Mach numbers in order to apply the results of this investigation.

Inliet pressure differentlal.- Figure 5 presents the ratio of the
inlet pressure differential to stream stegnation pressure EE—:QEL as

B
a functlion of the inlet mass-flow ratioc. This pressure-drop paremeter
will be particularly useful in designing installations where a diffuser
follows the inlet, since the diffuser inlet pressure will correspond
to pq. However, it is expected that this parameter may be acutely

sensitive to variations in the boundary-lsyer thickness. The curves,
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presented for constant-Mach number, are characterized by an increase in

the inlet pressure differential as the mass flow increases, the rate of
change being strongly dependent upon the inlet geometry. Increasing

Mach number increases the necessary inlet pressure differential for any
given value of-mass-flow ratio as indicated by the separation of the curves.
The dashed line in each instance indicates the mass-flow ratio for which
the indicated inlet Mach number is 1.0. This dotted line is defined as

the choke line. For inlets with low inclinstion angles (figs. 5(b), 5(e),
5(£), and 5(g)}) the inlet pressure differential was nearly constant up

to mess-flow ratios corresponding to choke for a glven M,; these Ilnlets

would be expected to have a relatively high total-pressure ratio.

Inlet static-pressure differential.- In the second presentation
(fig. 6), the inlet static-pressure differential p, - py O Lp is

expressed in terms of q, and is plotted as a function of the mass-flow

ratio. These curves are directly comparable with the inlet character-
istics in reference 2 and to the perforated-plate characteristlcs of
reference 3. These results are directly applicable to selection of
porosity requirements for perforated-tunnel celculatlons when a glven
Mach number distribution has been specified. For eny glven flush inlet
configuration, the inlet static-pressure differential at zero mass flow
is very nearly constant for all Mach numbers. For the inlets with low
inclination angles Ap/qm remains constant over a wide range of mass-
flow ratio. For all test configurations, 2p/q, I1ncreases as the mass
flow approaches ite limiting or choking value. Since the allowable con-
traction retio before choking occurs is greater for low Mach numbers than
it is for Mach numbers neesr 1.0, 1t would be expected that the mass-flow
ratio would reach higher values for low Mach numbers.

For the scoop inlet (fig. 6(h)), the individual curves follow gen-
erally the same pattern as that for the flush inlets; the curves at
various Mach numbers sre separated further at low mass-flow ratlos and

cross over near éf = 0. The separation noted here is due to the com-

pressibility factor F,. This factor is equal to E;afa and, for this

scoop inlet, which 1s essentlally a total-pressure tube when operated
at a mass—flow ratlo of zero, the inlet statlc-pressure differential 1s
equivelent to -F,. As the mass-flow ratio increases, this correlation

becomes less accurate; nevertheless, the general position of the curves
relative to one another persists until the inlet mass—flow ratio
approaches its choke value,

Inlet total-pressure ratio.- The third presentation (fig. T7) which

will form the basis for the bulk of the discussion to follow is the ratio
of the inlet total pressure to the free-stream totael pressure. The curves
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presented here have been faired to match those of figure 5 which, in
turn, were falred as families by cross plotting. Restriction of test
points to those for which the indicated Mach nunmber at the downstream
end of the duct was less than or equal to 1.0, that is, unchoked inlet
flow, has resulted in some curves belng presented for which there is
only one test point. The total-pressure ratio always decreases with
increasing Mach number but the variation of Hj/H, with my/mg is

dependent upon the inlet configuration and orientetion with respect to
the stream. The inclined inlets exhibit a rising total-pressure ratio
with Increasing mass-flow ratio up to a point near choke; thereafter,
as my /my increases, the pressure recovery falls. This increasing

recovery 1is probably due to the ingestion of air from further out in the
stream where the total pressure is higher than in the boundary layer.

As the inlet approaches a choked condition, local accelerations and fric-
tion become increasingly important and the totael-pressure ratio decreases.
The flush inlets which have thelr axes more nearly perpendicular to the
surface require greater turning angles and, therefore, incur higher
losses; for these inlets the pressure recovery decreases throughout the
flow range at all except the lowest speeds. Intermediste configurations
may be found wherein the total pressure remains essentially constant
throughout the unchoked mass-flow range for a given Mach number.

The curves of figure T have been cross plotted at constant mass-flow
ratios in figure 8 which shows the veriation of total-pressure ratio with
Mach number for seversl geometric variables. The symbols do not repre-
sent actual test-date points but were obtained from cross fairing. Solld
symbols 1ndicate the Mach number and total-pressure ratio corresponding
to choking at the particular mass~flow ratios involved. Absence of a
solid symbol indicates that choking did not occur in the Mach number range
of these tests for that particuler mass-flow ratio. Lines representing
the ratio of static pressure to total pressure in the free stream are
drawvn on a8ll figures. These lines represent the pressure which would be
measured by a wall static-pressure orifice and asre observed to be in falr

agreement with the measured pressures st E% = 0 +throughout most of the

Mach number range.

Flush Circular Inlets

Effect of L/D.- The pressure recovery of a serles of circular inlets
followed by a straight - duct set perpendicular to the surface is presented
as a function of stream Mach number in figure 8(a). These inlets had a
diameter of 0.375 inch which is 2.88 times the boundary-leyer thickness
at a Mach number of 1.0. At all mass-flow ratios for which data are pre-
sented, H’i/HDo decreases wlth Iincreasing Mach number and the slope of

the curves increases with mass~flow ratio.

TN AT A




NACA RM L5TBOT

It 1s observed that the thin-edged inlets (L/D =0 to L/D = 1.0)
are generally inferior to those of higher L/D. The optimum duet length,

although not well defined, lies in the range from 3 dlameters %o 7% dla -

meters. The improvement due to long ducts may be-due largely to reattach-
ment of the flow to the duct walls after the sharp turn at the inlet and
the resultant diffusion of the flow into the settling chamber. These
results are in agreement with the transonlc results of reference 3 where
1t was reported that the pressure recovery increased as L/D 1s increased
from 1/4 to k.

Effect of 8.- The effects of inclination of the inlet axie for flush
circular inlets are presented in figure 8(b) where the pressure recovery
is presented as a function of M, for values of 6 from 15° to 90°.

At g% = 0, the measured recovery for 6 = 90° approximates the stream

static-pressure curve very closely but, as the duct axis 1s inclined, the
recovery increases rapidly especially at low values of 8. A comparison
of the varilous groups of curves shows that the pressure recovery of the
15° inlet increases with mess-flow ratio whereas the opposite is true for
the 90° inlet. This was also observed in the curves of figure T(b). The
increase in total pressure resulting from the lngestlion of lncreasingly
higher pressure alr from the areas higher In the boundary layer may be
calculated for an i1dealized condition of zero cross flow by the methods
of reference 4. For & 159 inlet the measured total pressures closely
follow the predicted values at low Mach numbers and aegree in form at
higher Mach numbers but, because of local accelerations, shocks, and
shock—boundery-layer interaction, differ in magnitude.

As the inlet inclination 1s increased above 15°, the upstream
turning becomes less efficlent and air flows into the inlet from the
sides; thus, the total-pressure ratio and the maximum mass-flow rate
decrease. All curves for these flush circuler inlets show a rapldly
decreasing total pressure &t mass-flow ratios near choke. This condi-
tion is probably the result of the increased friction losses as the
inlet velocity increases, the increased momentum losses as air flows
over—the sharp lips as was reported in reference 5, and nonuniformity
of the velocity distribution at the discharge of the inlets.

Effect of yaw angle.- The flush circular inlet with 6 = 15° and
L/D = 5 was tested at yaw angles of 30° and 60° in addition to the
unyawed position. These results are presented in figure 8(c). There is
a striking similarity between these curves and those for the inlets of
figure 8(b) where the axls became nesrly normal to the surface. As the
yav sngle goes to 30° and to 60°, the total-pressure ratios fall rapidly
end, at V¥ = 60°, approach closely to the free-stream static-pressure
curve. It is noted that this inlet at ¥ = 60° offers a very wide
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opening to the approaching boundary layer; thus, the inlet takes in a
proportionately larger quantity of low-energy boundery-lasyer air. In
addition, there is the simple effect of increased turning required
because of yaw. These results suggest that for highest total-pressure
recovery the yaw angle should be maintained as low as possible. This
condition is increasingly important as the mass-flow ratio or Mach num-
ber is increased.

Effect of size of circular thin-plate inlets.~ Three circular thin-
plate inlets, t = 1/16 inch, having diameters of 0.25, 0.375, end
0.50 inch were tested to determine the effect of the ratio of inlet
diameter to boundery-lsyer thickness. (See fig. 8(d).) The variation
of boundary-layer thickness with Mach number provided an overall range
of D/B from 1.67 to 4.35. The total-pressure recovery for the zero
mass-flow (vent) condition agrees well with the stream static-pressure
curve up to M = 1.0. Above M = 1.0, however, expansions intc the
opening together with a shock against the downstream face of the inlet
cause a slight pressure rise. At the two higher mass-flow ratios for

which data are shown, g% = 0.3 and 0.5, the pressure recovery falls

to values considerably below the stream static pressure. Since the

effect of the change in L/D (0.125 to 0.25) of these inlebs is insignif-
icant (see fig. 8(a)), it must be concluded that within this range of

D/S there 1s little or no effect of boundary-layer thickness on the
recovery of thin-plate inlets. This conclusion 1s 1n agreement with
conclusions 4 and 5 of reference 3.

Flush Rectangular Inlets

Effect of 6.~ The pressure recovery characteristics of several
rectangular inlets of width-depth ratio 4 followed by a constant-cross-
section duct (L/D = 5) are presented as figure 8(e). These inlets had
a depth of 0.1875 inch which is 1.44 times the boundary-lsyer thick-
ness at a Mach number of 1.0. At % = 0, the high-angle (30° < @ < 900°)
rectangular Inlets alsc have pressure recoveries closely approaching
the stream static pressure up to M = 1.0. The 6 = 15° inlet, when
operating as a vent, however, has a recovery about 6 percent greater
than the other inlets for M Z 1.0. At supersonic Mach numbers and
zero mass-flow ratio, the pressure recovery of all these inlets was
about equal. As the mass-flow ratio is increased to 0.3, 0.5, or 0.7,
these rectangular inlets offer pressure recoveries simllar to those for
the clrcular inlets of figure 8(b). The recovery consistently decreased
as @ increased from 15° to 90°.

Effects of ramp configuration and 1ip radius.- The 6 = 15° inlet
of figure 8(e) was modified by rounding the upstream corner of the ramp
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and by rounding the inlet lip (fig. 8(f)) and by reducing the ramp angle
(fig. 8(g)). Tt 1s cobserved in figure 8(f) that the initial straight-
remp, sharp-lip configuration had slightly less recovery than the modi-
fied configurations throughout the Mach number range for all mass-flow
ratios. The 3-inch radlus on the Inlet remp increased the recovery
sbove that of the original 15° ramp configuration. WNo further improve-

ment was noted for the h%-inch-ramp radius with either a sherp or

rounded upper lip. Although none of these modifications resulted in
marked improvements in the total-pressure recovery, the inlet-ramp radius
was, effectively, a continuation of the previously discussed (figs. 8(a)
and 8(e)) systematic reductions in inclination of the inlet axis. A
more effective change was that of reducing the ramp epproach to the inlet
to 70, This reduced-ramp angle provided increases 1in total-pressure
recovery throughout the Mach number range but was most effective for

M> 1.0. (See fig. 8(g).)} It appears that, although sharp bends into
the inlet should be avolded, a low angle of the entrance ramp 1s the
primsry consideration. This effect has been observed previously in
investigations of submerged entrances. (See ref. 6.)

Although divergence of the remp 1s not strictly a variation of inlet
wldth-depth ratio, its effects are similar to those of width-depth ratilo
variation since ramp divergence also affects the boundery layer which is
allowed to enter the inlet. The dlvergence and ramp sngle for the inlet
discussed here (see fig. 2(b)) is the same as the one used in reference 6.
The diverging remp inlet (fig. 8(g)) offers pressure recoveries higher
than any of the other flush-type inlets tested at mass-flow ratios less
than or equel to 0.5. However, for mass-flow retios of 0.7 or greater,
the 7° inclined inlet with straight-wall ramp offered higher pressure
recoveries.

Effect of width-depth ratio.- Performaence curves for several inlets
with 15° inclination but verying width-depth ratio are presented in fig-
ure 8(h). No great advantege appears to lie in any of the configurations
although the lower width-depth ratio inlets (1 and 1/4) led to slightly
higher total-pressure recoveries and mess-flow ratios than the inlet
with a width-depth ratio of 4 especially for M > 0.9. A study of fig-
ures T(e) and 7(g) reveals that the inlets with lower width-depth ratios
choke at higher mass-flow ratios than the width-depth-ratio-4 inlet and
that in thils range the tobtal-pressure recovery 1s generally rising with
mess~flow ratio. If there were no cross flow, decreasling the width-
depth ratio would require that less low-energy boundary-layer air end
more high-energy air from the free streem would enter the inlet. In
this way, both the mass-flow ratio and the total-pressure recovery would
be increased, as can be computed from the curves of reference 4, These
increases, however, failed to materialize in the measured inlet perform-
ence partly because of cross flow over the edges of the inlet and partly
because of the adverse effects of low aspect ratlio on the performance of
a duct bend.
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In an attempt to control boundary-leyer cross flow into the inlet,
the aspect—ratio-l/h inlet was equipped with fences which were especially
effective in increasing the maximm mess-flow and total-pressure ratios
(fig. 7(g)) elthough the total-pressure recovery at lower mess-flow
retios shown in figure 8(h) was not ilmproved.

The flush circulsr inlet dste (for ¥ = 0° and 6 = 15°) have been
replotted in figure 8(h). Although the cross-sectional aree of these
inlets is different from that of the rectanguler inlets, the width-depth
retio 18 regarded as unity and it may be compared with the rectangular
inlets on this basis. At mess-flow ratios less than or equal to 0.5,
the circulsr inlet performance is equal to that of the rectangular inlets

with low width-depth ratlios. At ;% = 0.7, however, the circular inlet

pressure recovery falls 2 to 3 percent below thet of the rectangular
inlets for Mach numbers greater than about 0.T.

Circular Scoops

A circular scoop inlet constructed so that the inner edge of the 1lip
is flush with the surface of the tunnel wall was tested at yaw angles
of 0°, 30°, and 60°. The inlet diemeter is 0.375 inch; thus, D/s = 2.88
at M =1.0. Results are presented in figure 8(1i). It is immediately
observed that the totel-pressure recovery for 00 yaw 1s much higher than
that for the best of the flush inlets. Total-pressure ratiocs remained
above 0.90 for all test Mach numbers for mj/mg up to 0.7 and up to the

choked condition for most Mech numbers. (See fig. T(h).) Yawing the
inlet caused marked reductions in total-pressure recovery for values of
¥ approaching 60° where, for my /my = 0.5, the scoop inlet pressure

recovery was less than that for the flush circuler inlet (6 = 15°) at

¥ = 60°. For the zero mass-flow condition, it was found that the slope
of the recovery curve for the scoop inlet closely approximates that for
the total-pressure tubes reported in reference 7. The magnitudes of the
pressures are not comparsble with those of reference T, however, becsuse
of the boundary lsyer in which the inlet operated.

Ramp Static-Pressure Distribubtlons
Four of the inlets previously dlscussed were equipped with static-
pressure orifices down the center of the ramp in en effort to obtain a

better understending of the flow as 1t approaches the inlet.

Rectangular inlet; 6 = 15°0; width-depth ratio of 4.- The static-
pressure distributions for the rectangular inlet with a sharp 1ip and =
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h% ~-inch radius on the ramp are presented as figure 9(a). A small tick

on the ordinate indicates stream static pressure. The pressure on the
upstream end of the ramp decreases slightly below the stream static
pressure as the air 1s accelerated locally in turning from the surface
onto the ramp. A%t low mass-flow ratlos this local scceleration is imme-
diately followed by a pressure rise ahead of the inlet lips followed by
neerly constant or gradually increesing pressure through the inlet duct.
As the mass-flow ratio increases, the local accelerstions on the inlet
ramp become stronger and are followed by a compression thet was also
observed at low mass-flow ratios. For M, > 1.0, none of ‘the pressures

on the ramp were as low as the theoretical values corresponding to the
turning angle of the ramp. This condition is probably due to the
boundary-layer flow and possible separation from the ramp leading edge.
For gach Mach number, the pressures indicated a net turn of from 5°

to 7.

For the highest mass-flow ratlos, the static pressure inside the
inlet duct decreased at M, 2 0.9 but remalned nearly constent or con-
tinued to rise for M, > 1.0. This result 1s readily explained in terms

of the statlc pressure necessary for choking, the total-pressure losses
being assumed as not excessive. For the inlets to choke at subsonic
speeds, the static pressure must necessarlly decrease; however, at super-
sonlc speeds, the Mach number at choke is less than the free-stream Mach
number and choking incurs a pressure rise. Since the inlet lip angle

1s greater than the maximum for which attached shocks can occur at these
Mach numbers, it is obvious that a strong shock remains upstream of
station O at all supersonic Mach numbers and the flow downstream of
station O must remain subsonic for all flow conditions. Rounding the
1lip of this inlet resulted in the static-pressure distributions of fig-
ure 9(b). These distributions are notably similar to those of figure 9(a)
and no gross effects due to lip radius are observed.

Rectangular inlet, ramp angle 7°.- The sharp-lip rectangular inlet,
8 = 159, with a straight-sided ramp of T° produced the ramp static-
pressure distributions of figure 9(c). For low Mach numbers, M, 3 1.0,
the upstream end of the ramp behaves much the same way as & subsonic
diffuser and causes the static pressure to rise for all mass-flow ratios.
The meximum pressure 1s generally reached at the inlet 1ip and the flow
through the inlet duet follows the same pattern as was observed in fig-
ure 9(a). At the highest mass-flow ratio, there 1s an abrupt pressure
drop at station O. A similaer but somewhat less abrupt pressure drop is
observed for the inlets of figures 9(a) and 9(b). It mey ‘therefore be
surmised that, for the inlets without remps (that 1s, @ and 6 equal),
this initial pressure reduction at, or slightly inside, the lip stems
from local accelerations on the inner surface of the lip. For inlets
with @ < 6, the pressure drop at the lips would result from a combination

1o
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of local acceleration on the inner surface of the 1lip and at the ramp-
throat juncture. For M, > 1.0, the flow at the upstream end of the
ramp experiences a pressure reduction as a result of supersonic acceler-
ation but almost immediately begins a gradusl recompression which con-
tianues up to the face of the inlet. A gradual compression of this type
would be expected to offer a higher total-pressure recovery than the
strong shocks of figures 9(a) and 9(b). The internal flow 1s very simi-
lar to that at My 2 1.0 with the exception that the sharp pressure

reduction at the lips does not occur.

Diverging ramp inlet.- The static-pressure distributions for the
diverging remp inlet (fig. 9(d)) indicate an acceleration in the upstream
part of the ramp for all Mach numbers at all except the lowest mass-flow
ratios. After this ascceleration there is a pressure rise which occurs
much more abruptly than that observed for the stralght-walled ramp. The
upstream ramp acceleration at My S 1.0 must represent a supersonic
expansion and Mach numbers up to 1.18 and 1.5 are indicated Ffor free-
stream Mach numbers of 1.0 and 1.3, respectlvely. The very abrupt pres-
sure rise occurring up to 1/2 inch ahead of the inlet lips cobviously 1s
a strong shock and is similsr to that observed for the inlets of flg-
ures 9(a) and 9(b). A shock with probable separation was observed in
this region for a similar inlet in reference 8. The losses in a strong
shock in this region are much lesg desirable than the more gradusl pres-
sure rise noted for the inlet with straight-walled rasmp. The large
amount of supersonic acceleration on the diverging wall ramp and the
ensuing shock at relatively high Mach numbers are the cause of high
losses which occurred with this inlet at the higher mass-flow ratlos.

CONCLUSIONS

A transonic investigation of the pressure recovery and mass-flow
characteristi¢s of several flush type and one scoop-type auxilisry inlets
immersed in relatively thick boundary leyers hss permitted the formuls-
tion of the following conclusions:

l. Best pressure recovery and highest mass-flow rates were obtalned
with a scoop inlet; ineclined Inlets wherein the inlet axis and/or ramp
is at a very low angle with respect to the surface were the best of the
flush installations tested.

2. For flush inlets, 1f the inlet is small and operates at the high
mass-flow ratios, best total-pressure recovery was obtained when a low
width-depth ratic and parallel fences were used to restrict the cross
flows.
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3. The diverging ramp inlet (¢ = 7°) was inferior to the parallel-
sided ramp (@ = 7°) at high mass-flow ratios. For low values of my /my

the total-pressure recovery can be im@roved by using the NACA submerged
inlet with diverging remp.

i, For Mach numbers greater than 1.0, the static pressures measured
along the ramp center line indicated that the diverglng well remp csused
Increases 1in local velocitles and strong shocks on the ramp.

Langley Aeronautical Laeboratory,
National Advisory Committee for Aeronsutics,
Lengley Field, Va., Janusry 30, 1956.
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(d) Rectangular inlet; width~depth ratio 4; 8 = 15% ¢ = 79 ¥ = 0°; diverging wall ramp.
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